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ABSTRACT 

The author investigates the effect of prolonged 
acceleration on gas exchange and resistance of rats 
to hypoxia. 
stand is described. It is found that in rats subjected 
to an increased force of gravity the gas exchange was 
lower than in control rats. The resistance of rats to 
"fatal hypoxia" proved to be higher than that of control 
rats. The resistance of test rats to "fatal acceleration", 
however, was lower than that of the control rats. 

An automatic gas-exchange investigating 

Study of the combined effects of various aspects of space flight and /1* 
specifically the effects of acceleration and hypoxia is of great theoretical 
and practical importance in bioastronautics. 

The testing unit for the automatic study of gas exchange which was de- 
signed for this experiment consisted of an air-tight chamber for small labora- 
Lory aniiiials (rats). Carbon dioxide and water vapor were absorbed by chemical 
absorbents and oxygen was fed automatically from a cylinder as it was consumed 
by the animals. The amount of oxygen consumed by the animals could be judged 
by the actuation of a pressure relay which controlled the flow of oxygen into 
the chamber, or by the length of the intervals between actuations. 

t 

The testing unit provided the following possibilities: Maintaining a pre- 
set gas composition for a prolonged period of time or causing progressive 
hypoxia when nitrogen was fed to the chamber from the cylinder instead of the 
oxygen used by the animals; 

Obtaining information on the dynamics of animal oxygen consumption; 

Placing the testing unit on a centrifuge and in this way investigating the 
simultaneous (combined) effects of acceleration and one gas medium or another /2 
(specifically, hypoxia). In this way it was also possible to obtain information 
remotely on the oxygen consumption of the animals, their condition (by tele- 
vision or by recording biocurrents), and also on the parameters of the gas 
medium in the chamber (pressure, temperature, humidity) . 

The following investigations were made using the testing unit described: 
*Numbers given in the margin indicate the pagination in the original foreign 
text. 
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Gas exchange i n  rats due t o  t h e  e f f e c t s  of prolonged a c c e l e r a t i o n ;  

Combined e f f e c t s  of a c c e l e r a t i o n  and hypoxia; 

S p e c i f i c  f e a t u r e s  of gas exchange and r e a c t i o n  t o  t h e  combined e f f e c t s  
of a c c e l e r a t i o n  and hypoxia i n  rats r a i sed  under condi t ions  of d a i l y ,  pro- 
longed ( l a s t i n g  many hours) e f f e c t s  of acce le ra t ion .  

1. The i n v e s t i g a t i o n  of gas exchange (oxygen consumption) i n  ra t s  w a s  con- 
ducted dur ing  prolonged (from 6 t o  48 hours) r o t a t i o n  i n  a c e n t r i f u g e  a t  
a c c e l e r a t i o n s  of 1.5-4 and 10 G. During t h i s  t i m e  t h e  animals were i n  a 
normal gas medium and were not  he ld  i n  place. 

The r e s u l t s  of t h e  tests showed t h a t  due t o  t h e  e f f e c t s  of a c c e l e r a t i o n  
gas exchange w a s  decreased and was equal on an average t o  65-80% of t h e  va lue  
obta ined  i n  c o n t r o l  tests i n  which the re  were no e f f e c t s  due t o  a c c e l e r a t i o n .  
The impression is a l s o  c rea t ed  t h a t  w i t h  an i n c r e a s e  i n  t h e  i n t e n s i t y  of t h e  
e f f e c t s  of a c c e l e r a t i o n  t h e  gas exchange decreased even f u r t h e r .  However, t h e  
informat ion  which w a s  obtained does not  permit  a f i n a l  conclusion t o  be reached 
on t h e  gradual  dependence of t h e  degree of gas exchange decrease on accelera- 
t i o n  i n t e n s i t y .  

2 .  I n  t h e  tests on t h e  combined e f f e c t s  of a c c e l e r a t i o n  and hypoxia a 
s tudy  w a s  made of t h e  r e s i s t a n c e  of rats t o  " f a t a l  hypoxia" while  subjec ted  
t o  t h e  e f f e c t s  of a c c e l e r a t i o n .  Conditions of hypoxia w e r e  c r ea t ed  i n  t h e  
chamber by feeding  n i t r o g e n  i n s t e a d  of oxygen i n t o  t h e  chamber. The c o n t r o l  
tests of r e s i s t a n c e  t o  " f a t a l  hypoxia" were se t  up without  in t roducing  t h e  
e f f e c t s  of  a c c e l e r a t i o n .  

/3 

It w a s  found t h a t  when exposed t o  t h e  e f f e c t s  of a c c e l e r a t i o n  t h e  re- 
s i s t a n c e  of t h e  rats t o  " f a t a l  hypoxia" decreased apprec iab ly .  This  w a s  
judged from t h e  fol lowing ind ica to r s :  t o t a l  l i f e  t i m e  of t h e  rats under 
cond i t ions  of hypoxia w a s  shortened,  t h e  q u a n t i t y  of oxygen consumed dur ing  
t h i s  per iod  of t i m e  decreased,  and t h e  q u a n t i t y  of oxygen i n  t h e  chamber a t  
t h e  i n s t a n t  t h e  l a s t  rat d i ed ,  as a r u l e ,  w a s  g r e a t e r  than t h a t  i n  t h e  c o n t r o l  
tests. This  e f f e c t  w a s  more pronounced as t h e  i n t e n s i t y  of a c c e l e r a t i o n  be- 
came g r e a t e r  (Table l ) .  

Table 1. 

Res i s t ance  of R a t s  t o  "Fa ta l  Hypoxia" When Exposed t o  t h e  E f f e c t s  of 
Acce lera t ion  

I n d i c a t o r  of Res is tance  
t o  Hypoxia 

Without t h e  Acce lera t ion  
E f f e c t s  of Acce- 

er a t  i o n  (Control  t e s t s )  4 10  18- 
L i fe t ime  of l a s t  ra t ,  min 157  80 91.5 46 
Oxygen con ten t  a t  end of t es t ,  i n %  
Quant i ty  of oxygen consumed, 
relative u n i t s  

4.0 4.75 5.15 7.7 

8 7 5.5 - 
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3. The s p e c i f i c  f e a t u r e s  of gas  exchange and t h e  r e a c t i o n  t o  the  combined / 4  
e f f e c t s  of a c c e l e r a t i o n  and hypoxia were i n v e s t i g a t e d  i n  rats which p r i o r  t o  
t h i s  f o r  a per iod  of 2-3 months had been sub jec t ed  t o  d a i l y  r o t a t i o n  i n  a 
c e n t r i f u g e  (2-3 G) f o r  a per iod  l a s t i n g  several hours  (5-6) .  Earlier i t  w a s  
r epor t ed  by us  and o t h e r  au thors  t h a t  r a i s ing  animals under condi t ions  where 
they were exposed t o  an increased  fo rce  of g r a v i t y  has  a marked e f f e c t  on t h e  
morphogenesis, v e g e t a t i o n a l ,  and animal func t ions ,  and a l s o  t h e  r e a c t i v i t y  of 
t h e i r  organisms ( r e f s .  1-3). The s tand  f o r  t h e  automatic  i n v e s t i g a t i o n  of 
gas  exchange made it poss ib l e  t o  ob ta in  new d a t a  i n  t h i s  r e spec t .  

a. Gas exchange (oxygen consumption) w a s  s t u d i e d  i n  4 3  rats which w e r e  
subjec ted  t o  r o t a t i o n  d a i l y  and i n  53 con t ro l  animals.  

The i n v e s t i g a t i o n  showed t h a t  i n  rats which w e r e  subjec ted  t o  an in-  
c reased  f o r c e  of g r a v i t y  t h e  gas  exchange w a s  cons iderably  less than  i n  t h e  
c o n t r o l  a n i m a l s .  

This  occurred when the  inves t iga t ion  of gas  exchange w a s  conducted with- 
ou t  t h e  e f f e c t s  of a c c e l e r a t i o n  and when t h e  f o r c e  of a c c e l e r a t i o n  w a s  4 and 
10  G (Table  2 ) .  I n  t h e s e  tests confirmation w a s  ob ta ined  of the  f a c t  t h a t  
during a c c e l e r a t i o n  gas  exchange i s  decreased somewhat. 

The i n v e s t i g a t i o n  conducted one t o  two months a f t e r  t h e  c e s s a t i o n  of 
d a i l y  r o t a t i o n  a l ready  f a i l e d  t o  r e v e a l  t hese  f e a t u r e s  i n  t h e  gas exchange of 
t h e  tes t  animals and t h i s  w a s  i n t e r p r e t e d  as evidence of t he  t r a n s i e n t  n a t u r e  
of t hese  changes. 

2 .  0 Consumption i n  T e s t  and Control  R a t s  (without  t he  2 
E f f e c t s  of Acce lera t ion  and wi th  t h e  E f f e c t s  of an 
Accelera t ion  of 10 G) - I5  

E f f e c t s  of a c c e l e r a t i o n  0 Consumption ( l i t e r s /  Differe:ice i n  
Consumption 0 day/kg/weight) 2 

2 

i n  test and c o n t r o l  
animals 

c o n t r o l  t es t  l i t e rs  % %  

Without acce3e ra t ion  6 9 . 4  60 .6  8.8 12.7 
Acce le ra t ion  of 10 G 4 3  37.7 5 .3  12.3 

b .  The r e s i s t a n c e  of test  rats t o  " f a t a l  hypoxia" proved t o  be h igher  
than  t h a t  of c o n t r o l  rats. This can be judged from t h e  lower oxygen content  
i n  t h e  chamber a t  t h e  end of t h e  tests a s  w e l l  as from t h e  longer  t i m e  t he  
test r a t s  l i v e d  under condi t ions  of hypoxia. 

t i on"  w a s  somewhat lower than t h a t  of the c o n t r o l  r a t s ,  bu t  wi th  r e spec t  t o  re- 
sistance t o  " f a t a l  hypoxia" when t h e  force  of a c c e l e r a t i o n  w a s  4 G t h e  test 

)rpml 
c. On t h e  other,-, t h e  r e s i s t a n c e  of t he  test  rats t o  " f a t a l  accelera- 

3 



rats d id  not  d i f f e r  from t h e  c o n t r o l  rats.  Probably i n  t h i s  case both f a c t o r s  
( g r e a t e r  
tance t o  acce le ra t ion )  have a mutual ly  l eve l ing  in f luence  on one another .  

r e s i s t a n c e  t o  hypoxia than  i n  the c o n t r o l  animals and less resis- 

The r e s u l t s  of t h e  i n v e s t i g a t i o n  i n t o  t h e  gas exchange i n  a n i m a l s  ex- 
per ienc ing  t h e  e f f e c t s  of a c c e l e r a t i o n  i n  ou r  opinion are of i n t e r e s t  i n  
reaching an understanding of t h e  r eac t ions  of an organism t o  prolonged accele- 
r a t i o n  and i n  judging the  s p e c i f i c  f ea tu re s  of t h e  metabolism under changed 
g r a v i t a t i o n a l  condi t ions .  

A s  has been pointed ou t  above, gas exchange i n  rats were reduced t o  
t h e  e f f e c t s  of a c c e l e r a t i o n .  16 

Moreover, gas exchange w a s  reduced even without  t h e  e f f e c t s  of acce lera-  

These 
t i o n  i n  those  animals which, p r i o r  t o  t h i s  f o r  a per iod  of two t o  t h r e e  months, 
had been subjec ted  d a i l y  t o  several hours of r o t a t i o n  i n  a cen t r i fuge .  
animals a l s o  withstood hypoxia b e t t e r  than t h e  c o n t r o l  animals ,  however, 
con t r a ry  t o  expec ta t ions  , t h e i r  r e s i s t a n c e  t o  s t rong  ( " f a t a l " )  a c c e l e r a t i o n  
w a s  no g r e a t e r  bu t  even lower than t h a t  of t h e  c o n t r o l  a n i m a l s .  

It w a s  shown by us previous ly  t h a t  i n  animals sub jec t ed  t o  the  e f f e c t s  
of r o t a t i o n  on a d a i l y  b a s i s  t h e r e  were smaller amounts i n  t h e  u r i n e  passed 
d a i l y  of t o t a l  .nitrogen-Rische-positive substances , c r e a t i n e ,  and 
c r e a t i n i n e  ( r e f .  3). A l l  t h i s  can be i n t e r p r e t e d  as evidence of t h e  f a c t  
t h a t  metabolism and expendi ture  of energy under condi t ions  of prolonged 
e f f e c t s  of a c c e l e r a t i o n  take p l a c e  a t  a lower,  ''more economical" level. 
i s  even d a t a  a v a i l a b l e  l i t e r a t u r e  t h a t  due t o  t h e  e f f e c t s  of a c c e l e r a t i o n  s m a l l  
l a b o r a t o r y  animals may f a l l  i n t o  a s t a t e  which i s  c l o s e  t o  anab ios i s .  

There 

F i n a l l y ,  i t  i s  no s u r p r i s e  t h a t  while t he  e f f e c t s  of a c c e l e r a t i o n  are 
being experienced by rats t h e i r  r e s i s t a n c e  t o  hypoxia decreases .  

The study of combined e f f e c t s  of acce le ra t ion ,  hypoxia,  and o t h e r  f a c t o r s  
involved i n  f l i g h t  i s  a p res s ing  problem requ i r ing  thorough and sys temat ic  
s tudy.  

1. Wunder, C. C.:  L i f e  i n t o  space  - Phi lade lphia ,  F. A. Davis Company, 1966. 
2. Vrabiescu,  A. ,  Z. Cimpeanu, C.  Domilescu: 14 th  I n t e r n .  As t ronau t i ca l  

3.  

- 

Congress, P a r i s ,  1963. 

I n :  L i f e  sc i ences  and space research ,  V.  3 ,  Amsterdam. 
Gazenko, 0. G . ,  A. A. Gyutdzhian: 

-~~~ - 

Trans l a t ed  f o r  t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion by 
INTERNATIONAL INFORMATION INCORPORATED. 

4 


